Purpose: To evaluate and quantify indications for CFTR mutation analysis of prenatal specimens, and to determine if a significant portion of tests are performed only for the identification of 5T alleles, we surveyed our laboratory data over a 3-year time period that spanned the issuance of the cystic fibrosis (CF) carrier screening guidelines. Testing indications related to parental 5T status also increased significantly in the post-ACMG/ACOG period and accounted for 2.9% of testing over the 3-year period. A small subset (1.6%) of prenatal specimens were tested for poly(T) even though the parents did not carry 5T allele(s). However, more than 40% of these cases could be attributed to parental R117H mutations. Conclusion: These data indicate that although indications for prenatal testing shifted after the issuance of carrier screening guidelines, prenatal testing related to parental 5T alleles comprised Ͻ 3% of the total referral indications. Genet Med 2004:6(5):400 -404.
Cystic fibrosis (CF) is one of the most common autosomal recessive disorders in Caucasian populations. Although the average lifespan of individuals affected with CF has risen to approximately 33 years of age, the disease is characterized by progressive lung disease due to chronic infection, pancreatic exocrine insufficiency, infertility in males, and elevated sweat chloride levels. 1, 2 Over the last decade, mutation analysis of the CFTR gene in patients with CF and related conditions, has identified more than 1300 mutations. 3 Prenatal diagnoses for CF became available with the identification of the gene and offered choices not previously available to couples with a 1 in 4 risk of having a child with CF. Testing the fetus for CF mutations also has utility when fetal echogenic bowel is identified. 4 -6 There is limited data available on the frequency of other CF prenatal diagnosis indications and the effects of the institution of carrier screening guidelines. 7 In 2001, the American College of Medical Genetics (ACMG), American College of Obstetricians and Gynecologists (ACOG), and NIH collaborated to publish guidelines for CF screening in the general population. 8, 9 The guidelines acknowledge that screening is most effective when performed before pregnancy and offer guidance for prenatal diagnosis when both parents carry a CF mutation. They also recommend that laboratories offering CF screening include a minimum of 25 specific mutations in their panel, with additional mutations included if warranted by the local demographics. 10, 11 Included in the ACMG/ACOG 25 mutation panel is R117H, a mutation known to have variable phenotypic expression. When R117H is identified during carrier screening, the guidelines recommend additional testing to determine the length of the intron 8 polythymidine tract (poly(T)). When R117H is found in cis with 5 thymidines (5T), and trans to a severe CF mutation, individuals may have moderate (i.e., pancreatic sufficient) CF. When R117H is identified in cis with 7 thymidines (7T) and in trans to a CF mutation individuals may be asymptomatic, have congenital absence of the vas deferens (CAVD), or later onset lung disease (i.e., a milder phenotype). 12, 13 In addition to being identified on the same chromosome as R117H, the 5T allele occurs alone in approximately 10% of the general population. 12 When the 5T allele is included in CF screening panels, many individuals are identified who are not at risk for having a child with classic CF. 7 Identification of 5T carrier status complicates genetic counseling because it is not possible to assess a risk for each of the possible phenotypic outcomes of various genotypes involving 5T. A 5T allele in trans to a CF mutation may be associated with a number of clinical presentations including, no symptoms, 14 CAVD in males, 15, 16 chronic pancreatitis, 17 or atypical or typical CF. 18 Also, two copies of the 5T allele have been identified in healthy individuals, 14 men with CAVD, 19 and in persons with CF-like lung disease, 20 or bronchiectasis 21 and no other identified CF mutations. This range of possible phenotypic outcomes has resulted in some couples choosing prenatal diagnoses for conditions not intended by the CF screening guidelines. 22 Recent reports in both the scientific and lay literature have suggested that there are a substantial number of couples choosing to undergo invasive prenatal procedures solely due to the presence of a 5T allele in one or both parents. [22] [23] [24] [25] [26] [27] However, the indications for CF prenatal diagnoses, including poly(T) testing, have yet to be quantified. As emphasized in a recent editorial, evaluation of such data are necessary to assess the impact and performance of the CF screening guidelines. 28 We surveyed indications for prenatal diagnosis for CF over a 3-year time period. These data indicate that although indications for prenatal testing shifted after the issuance of carrier screening guidelines, prenatal testing related to parental 5T alleles comprises Ͻ 3% of referral indications. 
MATERIALS AND METHODS

Patient samples
CFTR mutation analysis
Genomic DNA was isolated from all specimen types using standard extraction methods. All samples were tested for 87 CFTR mutations by a pooled allele-specific hybridization strategy method described previously. 29, 30 Nineteen regions of the CFTR gene were amplified in two multiplex polymerase chains reactions (PCR). The amplified PCR products were immobilized on positively charged nylon membrane and hybridized with groups of radioactively labeled ASO probes. Individual mutation identification of pool-positive samples was made by individual ASO hybridization to normal and mutant alleles.
CFTR intron 8 poly(T) variant analysis was performed on a subset of 139 (4.3%) of these prenatal specimens. Analysis was performed by PCR amplification of a region of intron 8 and exon 9 spanning the poly(T) tract. The length of the poly(T) tract was determined using an allele-specific hybridization method specific for the 5T, 7T, or 9T alleles.
Statistical analysis
The difference between the frequency of prenatal test indications pre-and post-ACMG/ACOG was tested by the Chisquare test. A value of P Ͻ 0.05 was considered to indicate statistical significance.
RESULTS
Indications for prenatal CFTR testing
When prenatal testing indications are examined over the entire period from April 2000 through April 2003, the fre- 
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September/October 2004 ⅐ Vol. 6 ⅐ No. 5 quency of cases received for testing when one or both parents were CF mutation carriers did not change significantly after publication of the guidelines (Table 1) . Almost 15% of the cases were from couples with a 1 in 4 risk of having a child with CF. A slightly greater percentage of cases were from couples where only one parent was known to carry a CF mutation(s).
There was a significant decrease in the frequency of cases related to an unspecified family history of CF. Overall the most frequent indication was abnormal fetal ultrasound findings (38.4%). In the majority (95.3%) of cases in this category, parental CF mutation status was not known at the time of fetal testing. The frequency of cases referred due to abnormal ultrasound findings decreased significantly in the post-ACMG/ ACOG period. In contrast, the frequency of prenatal screening with no increased risk factors for CF, increased from 10.8% to 30.2% (P ϭ 0.0001) during the same period. These indications, which are unrelated to parental 5T allele status, accounted for Ͼ 97% of referrals for prenatal CFTR analysis.
Further examination of the specimens referred for prenatal CF screening without a known increased risk for CF showed that 87% of the mothers were Ͼ 34 years of age at the time of testing. This suggests that their motivation to undergo a prenatal procedure may have been influenced by advanced maternal age. Of the remaining cases, an additional 6% were between 30 and 34 years of age and 7% were Ͻ 30 years of age at the time of testing. One CFTR mutation was detected in 5% of the prenatal specimens that were screened.
Indications for prenatal CFTR testing related to 5T status include the following: (1) fetus at risk for inheriting a 5T allele and CFTR mutation in trans, and (2) one or both parents positive for only 5T allele(s). When one parent carried a CF mutation and the other a 5T allele, we were not able to determine if the identification of a 5T during screening caused the other parent to be screened with subsequent identification of the CF mutation or vice versa. In the post-ACMG/ACOG period, the number of prenatal cases increased in both indication categories (Table 1) . Among those fetuses at risk for one copy of 5T and a CFTR mutation, the frequency increased from 0.7% to 2.0% (P ϭ 0.0021). In the second category, the percentage also increased from 0.8% to 1.8% (P ϭ 0.0378). Overall there were 92 (2.9% of total) specimens received for testing when one or both parents were previously known to carry a 5T allele.
Poly(T) testing of prenatal specimens
Our laboratory offers poly(T) testing separately from CFTR mutation analysis. However, in order to provide an appropriate interpretation of poly(T) results, analysis for CFTR mutations is also required. The frequency of requests for poly(T) variant testing of prenatal specimens according to indication were also analyzed ( Table 2) . When the parents did not carry a 5T allele, 1.6% of prenatal specimens were also tested for poly(T). A significant number of these tests could be attributed to parental R117H mutations. More than 50% of those cases with a family history of CF or a CF carrier that were tested for poly(T), were at risk for inheriting an R117H mutation. The two prenatal screening cases that were also tested for poly(T), were done so after identification of R117H in the fetus. As expected, among those specimens whose indication for testing included specific mention of parental 5T carrier status, poly(T) testing was always ordered.
Poly (T) results in prenatal testing
Testing of 139 fetal specimens for both CFTR and poly(T) mutation analyses identified seven fetuses that were homozygous for 5T and 12 fetuses that were positive for a CFTR mutation and 5T allele in trans. According to the referring health care providers, five of the seven homozygous 5T fetuses resulted in delivery of healthy infants. Followup information was unavailable on the remaining two. Among the 12 fetuses identified with a CF mutation and 5T in trans, 7 apparently healthy infants were delivered, one infant died secondary to an unbalanced chromosomal translocation and multiple congenital anomalies, and one infant experienced respiratory distress syndrome secondary to prematurity but had a negative sweat test. Followup information was not available on the remaining three fetuses. Whereas detailed clinical evaluation of these infants was not available, severe symptoms were not reported but mild symptoms may not yet have been evident and later onset disease cannot be ruled out. 
DISCUSSION
Our purpose was to determine the frequency of specific indications for prenatal CFTR and poly(T) testing and to determine if the ACMG/ACOG CF screening statement influenced the frequency of these requests. To accomplish this, we analyzed requests for CFTR and poly(T) testing of prenatal specimens for the 18 months preceding the October 2001 statement and the 18 months following the statement. Over the entire study period, the largest referral indication was fetal ultrasound abnormality, which is appropriate due to the association between CF and echogenic bowel. 4 -6 Approximately 15% of prenatal specimens were tested because both parents carried a CF mutation and had a 1 in 4 risk for an affected child. This percentage remained stable over the 3-year period. A slightly greater percentage of cases were referred when one parent carried a CF mutation. Even though the risk to have an affected child is less, lack of carrier information from the other parent may make testing the fetus a likely course of action for some patients. The other parent may not be tested due to unavailability or third party payer policies regarding reimbursement.
We also observed a relatively high rate of referrals for prenatal screening of fetuses with no family history of CF. In addition, the rate of referrals increased significantly in the post-ACMG/ACOG period. Further examination of the patient information showed that 87% of these women were over 34 years of age. We suspect that these women were not screened for CF preconceptionally and a prenatal procedure was being independently performed for routine chromosome analysis. Other possible reasons for screening prenatal specimens for CF again include the unavailability of one or both parents for screening and reimbursement concerns. CF screening via amniocentesis and CVS does not address CF risk in subsequent pregnancies, and should not be considered the preferred method for general population screening. Additionally, when a mutation is detected during prenatal screening both parents must be tested in order to fully assess the risk for the fetus to be affected. This may result in increased anxiety at a late stage of pregnancy as testing is completed.
We found that overall the majority of prenatal testing indications (Ͼ 97%) were for reasons unrelated to poly(T) status. However, indications related to parental 5T status increased (1.5% to 3.8%) in the post-ACMG/ACOG period, which is most likely due to increased identification of 5T alleles during carrier testing. Identification of 5T by screening for poly(T) alleles presents challenges for health care providers because of the range of diverse and unpredictable phenotypes. As a result, the ACMG/ACOG guidelines specifically state that screening for 5T alleles should only be performed when the R117H mutation is identified. Inappropriate carrier testing for 5T alleles should be avoided because it may result in testing of prenatal specimens for conditions not intended by the CF screening guidelines.
Our data also demonstrate that poly(T) analysis is infrequently ordered as a part of routine prenatal testing for CF. When all cases, regardless of indication, are considered, 4.3% of prenatal specimens received for CFTR testing include poly(T) testing. When the cases that include an indication of parental 5T alleles are not included in the analysis, the percentage requesting poly(T) testing drops to 1.6%. When those cases related to an R117H mutation are excluded (i.e., parental or fetal R117H), the percentage drops further to 0.8%. Providing poly(T) information in the context of an R117H mutation is recommended by the ACMG/ACOG carrier screening guidelines and is necessary and appropriate for the genetic counseling process.
Because we observed that health care providers order poly(T) testing when fetuses are at risk for inheriting two copies of 5T or a 5T and CF mutation in trans, we sought to obtain follow up clinical information. Fourteen of nineteen infants that were diagnosed prenatally with the above genotypes could be identified to followup. None had recognized symptoms of classic CF. The challenge of risk analysis and family counseling continues, however, as mild symptoms or later onset disease cannot be ruled out for these patients.
In summary, we find that the frequency of prenatal referral indications shifted after publication of the CF carrier screening guidelines and that poly(T) testing is not routinely ordered on prenatal specimens unless one of the parents has been previously identified with a 5T allele or carried an R117H mutation. As expected, followup of 5T-positive pregnancies revealed no evidence of classic CF, but long-term followup is required to further define the 5T phenotypes. Finally, the observed rates of prenatal screening for CF in low-risk populations, emphasize a need for further education regarding appropriate indications for prenatal CFTR testing and the advantages of parental carrier testing before prenatal diagnosis.
